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^H*od DV homopolymn. of propylene in the presence of catalysts 
PSg. (i) Ti halides supportecf on Mg halides, (ii) >1 alkoxy 
gr^ltlcontg. Si compds., and (iii) org. Al compds., followed by block 
lErfjlyinn. using >9 mol% ethylene. MgCh (300 e) was pulverized 
'Sfc 60 mL diisobutvI phthalate and 30 mL CKCrhhCl for 40 h 
aSder N and the mixt was treated with 1.5 L TiCU and 1.5 L PhMe 
fSlOO* f° r 30 min 10 S ive a solid catalyst component (II). Propylene 
Ui ft ke) was polymd. in the presence of 20 mg II, 0.06 mL BUAl 0.03 



(MeOsSiPh, and 3.3 NL H under N at 75° for 2 h and th 
treated with 10 kg/cm* ethylene and 0.2 mL EtjAl at 50° for 30 
in to gi ve I (in 1.66 kg yield/g-II) with tj 2.35, isotacticity index 
tf% f and ethylene content 11.8%, vs. 1.72, 96.5%, and 1.21%, 
*p., when prepd. similarly but 3 kg/cm* (corresponding to 5 mol%) 



Aontrol sheet. 

sfe?09: 129847e Manufacture of chlorinated vinyl chloride polymers 
fgipable of forming low-viscosity, transparent solutions. Adachi, 
j&hiufumi; Kakei, Hiroshi (Tokuyama Sekisui Industry Co., Ltd ) 
^pn. Kokai Tokkyo Koho JP 62,257,914 [87,257,914] (CI 
r -*F214/06), 10 Nov 1987, Appl. 86/102,642, 02 May 1986; 6 pp. 
D e title polymers, useful for coatings, are prepd. by polymn. of vinyl 
Joride (I) and or-olefins in aq. media contg. cellulose derivs. in the 
?pltsence of oil-sol. initiators and chain-transfer agents to give 
^polymers contg. 2-10% a-olefin, followed by chlorination. Thus, 
8|0Q pa^ I and 19 parts ethylene (II) were polymd. in an autoclave' 
^tontg. H2O 250, Metolose 60SH50 (III) 0.25, HSC2H«OH 0.05, and 
dptrbutyl ND (polymn. initiator) 0.2 parts at 54° for 8 h to give a 
Copolymer contg. 7% II which was chlorinated at 70° in H2O to give 
Ithlorinated copolymer (IV) contg. 63% CI. A 15% soln. of IV in 
^lEK /toluene (4/1) mixt. was transparent and had viscosity 1300 cP 
i i860 , resp., for a soln. prepd. using Gonsenol KH 17 [partially-sapond! 
oly(vinylacetate] instead of III. 
&109: 129848f Method for emulsion (co)polymerization of un= 
^Saturated monomers. Matejicek, Alois; Skoupil, Jan; Kaska Jiri* 
flHU, Pavel; Horky, Jaroslav Czech. CS 236,237 (CI. C08F2/24) 01 
1988, Appl. 83/7,591, 17 Oct 1983; 9 pp. Aq. dispersion^ of 
gglynthetic polymers used for coatings, binders, seals, plasters, 
^polymer-cement mortars or textile binders were prepd. by intensive 
*|Utirring of unsatd. monomers, water, and surface-active agents 
^Iltirring intensity (1.0-3) X 10* kW/m3-s at shear stress 10-100 
TJ/m*) followed by stirring (<1 x 10* kW/m2-s) with initiator 
accelerator and regulator and heating at 25-97° for 1-5 h. Thus 281 
ityrene, 15 g acrylic acid, 587 g water, 27 g Na monooctyl 
aWfosuccinate (Disponil SUS 87, 30% active compn.) and 2 g 
feaivdroxymethyl cellulose were stirred (intensity 9.6 kW/m^-s, shear 
jss 65 N/m2) under N at 20° for 20 min. The prepd. emulsion 

gfi?» xi te t ^ 30 °> treated with 10 mL 11% (NHdafeOs and 10 mL 
§[5.6% Na 2 S206, stirred (1.5 x 10-3 kW/mS-s), and polymd. with 

gJ*™f- 0 QJA _ . V. Kratochvilova 

Xiiw: iz*S49g Preparation of concentrated aqueous dispersions 
4Lff 1 £?* of y }S? 1 a , n <J/° r acrylate esters. Singer, Heinrich; 
B^ e i?»^? n ?J,. ( 9, hemi8che Fabrik Pfersee G.m.b.H.) Ger. Offen. 
?w ^ 33 ;?*1° J Cl C . 08F2 /30), 07 Apr 1988, Appl. 04 Oct 1986; 5 
pp. i he title dispersions are prepd. by polymn. of mixta, of 60-100% 
m acetate or propionate or alkyl acrylates and 40-0% comonomers 
* the presence of 0.05-1.5% RO(CH2CH 2 0) 1 PO(ORi)(OCH 2 CH 2 )vOH 
^r^u S fl C ^ dkyl; Rl = (CH 2 CH 2 )xOR when y = 0 and 
mil r c f • H2 'y° H when y i3 n *>t 0; x = 2-10, y = 0-10) as 
|£ 1 stirring 50 parts of an emulsion of polyoxyethylated (d.p. 
SU a ? i aJ ™ 25 ' Pdyoxyethyiene phosphate (Hostaphat L327) 5, 
taVSn* 6 * 4 ™' 5?. d H A? 200 P &rta) 308 H *° 12 mL 
fflriw * ?J°" 7 A Whlle adding the raining emulsion over 1.5 h 
»oa siirrmg 1 h at 70-75° gave an emulsion showing no sedimentation 
frlS- i?Q° B 'rn ^absence of Hosptaphat, the monomer coagulated. 
96 - if 850 * Polymeric flocculant. Gnatyuk, P. P ■ Popov, A 
Pttldiom 0 ^' a t Y V:U L .obacheva, G. K.; Gorbunov, B. N.; 
wxnomenko A. I. ('Orgsintez' Industrial Enterprises, Volzhskii) 

iT S . 24 S e P 1985. From Othrytiya, Izobret. 1988, (10), 97 
; CriC V oc ? ulant with ^proved flocculating properties is 
SSSeJSJJ 9 S' n ^ by r , a r dical .^P 01 ^"- of N^-dimethylaminoethyl 
^itk sulfate with acrylonitrile at (78-99.7):(0.3-22) wt 

^WuhIr J « 8 T b i A ^yloxyorganosiloxane polymer. Omori, Akira; 
1&*tp£ a*?^ Kitahara, Takahiro (Daikin Industries, Ltd.) 
KM HiotWk E L 2 ??' 514 (Cl C08F230/08), 13 Apr 1988, JP 
pK^f /241.117, 09 Oct 1986; 10 pp. Acrylate polymers contg. 



? a m« 1 B u ^ ui b w.uo g AiisiN, men cast into a 41-^ turn, 

I and n.M lbrane wth 0 Permeability 30.5 x IO-10 mL-cm/cm^m 

CHt^i^^Sff I 66 ' V3 1 10 - 6 and 4 " 01 ' res P- for a membrane 
©109- nlk^r^™* 2 h omopolymer. 
Sl)»c'rv)o? Transparent heat-resistant bromophenyl (met= 
S^uX 6 ^ 1 ^" for opticaI fibers « Wieners, Gerhard; 
Peter Rudolf; Coutandin, Jochen; Groh, Werner; Herbrechtsmeier 
S 8 Apr low! A '7 G) Ger - 0ffen - DE 3,636,401 (CI. C08F20/22) 



( % "eiw ' * p VL'i b J? ct 1986 » 4 PP- ^e title polymers contain 

Me methacrylate 40, 
for 2 h at 115° and 



^Burtno brom °P hen y | 2-fluoroacrylate 60 
t UU0Bz 0 025, and CizHisSH 0.5 part 



heating 5 h at 115° and 2 h at 150° gave a polymer with elass temn 
155° and wt-av dp. 1000. A lens from t£ p*»u CdMi 
^ansmission 83% after 0 or 24 h at 100- and ato. humfdity 100 

109: 129853d Water-soluble quaternary polyammonium salts 
process for their preparation and their use. Jaeger. Werner 
nS^I^S* H ^ M ^ Ballschuh, DeUef ^ SSS, 
S^^m^ ^er Biering, Holger (Akademie der Wisse^nschaften 
?no 0 DD £l Pat * A »» h ^ 2$4 > 710 C08F226/02)"27Adt 

1988, DD AppL 295 030 06 Oct 1986; 15 pp. The 6Ue polymSs 
are prepd. by radical polymn. of unsatd. quaternary ammonium 
compds. with addn. of 0.1-3 mol% crosslinking monomers at 25-90% 
S 011 ^ 10 ^^? W JJ° % (CH2rCHCH2)»NMe2*Cl- (I) with 
2^ mol% (NHJAft j and 2 mol% O^WiCOi at 18-22° for 8 h and 

mnlcTfPH r^u d ?xT^ f in m ^\^ e ^°^ me over 10 h and 1 
mol% (CHjiCHCH^sNMe^Ci- in 50 g 50% aq. I after 6 h gave a 
97% conversion to a clear soln. of polymer with relative soln. 
viscosity 3.47 and branching no. 18/100 I unite. Addn. of the 
gektion^ ng agCnt at **** SUrt ° f polymn ' resulted in complete 

109: 129854e Suspension polymerization of styrene in the 
presence of resin acids or rosin. Lozachmeur, Didier (Societe 
unimique des Charbonnages) Eur. Pat. Annl EP 2R«5 fPl 
C08F2/38), 27 Apr IS^fA AppL 86/18.^178.^® 5pp 
lne tiUe process, also utilizing mineral dispersing agents, rives 
polystyrene suspensions suitable for prepn. of expanded polystyrene. 
$ f J? nXt of ? 2 ?J™ ^1 st 3T en f 200 *8 B Z2 0 2 5.80 g, anrt^oUz 
200 g was heated to 90°, mixed with 440 g Ca3(PO,) s two times, and 
wi^ 20 g of a 20% soln of a resin acid Ca salt mixt (I; Uraprint 62 
in BtyreDe ( .polymi 5 h, mixed with 8% pentane (polymer 
basis), ffltered to give 0.8-1.3 mm particles, and expanded (after 5 
days) to 20 g/L, giving expanded particles with good surface 
a ?5S a ^ a ^2 2- S°° T surface using K2S2OS instead of L 

109: 129855f Process for isolation of telechelic polymers. 
P^A^^Vyff^Leopol* Virt, Jaromir; Sufcak, I^losUv; 
Plaschi^ Edgar; Gnehl Volker; Stoye, Hartmut; Anton/Elisabeth 
y^^SS^ { J EB Chemische Werke Buna) Ger. (East) DD 
252,293 (CL C08F6/08), 16 Dec 1987, AppL 248,300, 28 Feb 1983^ 
4 pp. Diene and/or vinylarom. compd. polymers bearing functional 
preferably CO2H groups, prepd. by Lving polymn., are isolated in a 
pure state by acidification (acid-metal moL ratio 1-2:1) with 40-84% 
risPO*, centnf Ration or extn. of the resulting metal salts with H2O 
opUonaUy treatmg the org. phase with a macroporous, strong-acid 
S!Sr n fSSS 1 *?' ■??. eva PS- solvents. Adding COz to 900 mL 24% 
ZT^ilx s 5??-. of hvm & Polybutadiene Li salt (192 mmol Li) (moL 
wt 2(W0), acidifying 1/2 the resulting gel with 20 mL 84% H3PO4 
centrifugmg after 12 h, washing twice with H 2 0, passing the soln! 
over a strong-acid cation exchanger (Wofatit KS 10), rinsing, and 
rotary evapn. m vacuo gave 90 g C0 2 H-terminated polymer 
(functionality 1.90, moL wt 1950) contg. 2 ppm Li; vs. 42 without 
cation exchange and 189 when acidified with HC1 without ion 
exchange. 

109: 129856g Water-in^il emulsions of water-soluble polyiners. 
K u r? er » 9 harIes G * ( Mco Chemical Corp.) VS. US 4,745 154 fCL 
524-801; C08F2/32) 17 May 1988, Ap^E 851,512, 14 Apr 19^; ( 12 
pp. The title emulsions comprise oleophilic continuous phases and 
an aq. dispersed phase contg. a surfactant monomer-neutral 
water-soL vinyl monomer copolymer, and are useful as thickeners 
and flocculants A mixt of acrylic acid 25, acrylamide 70, and 
heMdecyloxyjpolyoxyelJiylene methylenesuccinate 5% in deionized 
nau and aq. Nth was dispersed under high shear in a 229.7:207 3-49 9 
mixt of mineral spirits Isopar M, and sorbitan monooleate, and 
polymd. with tert-Bu hydroperoxide/ bisulfite initiator at 60° for 1.5 

2fw5r!S > m ° f Sf^i fJ" 1 ^ ^ ^ viscosity 39,000 and 

4000 cP (Brookfield #6 at 10 rpm for 1% polymer in 62O and 1% 
polymer in 0.5% aq. NaCl, resp. 

«i?k i?!v 57h ?J anu | actur e «f amphoteric polymer particles 
with high purity. Kawaguchi, Haruma; Nojiri, Norio; Otsuka, 
Yfsuj; (Nippon Zeon Co., Ltd.) Jpn. Kokai Tokkyo Koho JP63 
90,521 [88 90,521) (CL C08F220/34) 21 Aor 1988 Annl 
86/236,692 04 oi lhs6; 4 pp. °^e\tle prJcess' i^volv^e 
polymn. of a monomer mixt comprising (A) ethylenically unsatd. 
amine, (B) ethylenically unsatd. carboxylic acid, (C) and nonionic 
ethylenically unsatd. amide at (B + C) content >30 mol% in a lower 
ale. solvent m the presence of a radical polymn. initiator without 
using a dispereant Thus, dimethylaminopropylacrylamide 7 89 
methacryhc 5cid 1.00, and acrylamide 1.10 g were dissolved in EtOH 
uEFJ%J was , 8fo ed with 1 g EtOH contg. 0.05 g 

AiiiN at 60° for 6 h to give polymer particles, 
109: 129858j Block copolymers of aromatic vinyl compounds 

Tn«Ki^ n) i5 ?at " d T? 1 i ene ?- J oyama ' Yasuo ' Yashiro, Yasuo; Ono, 
Toshio , Miyaji, Jaloimi (Japan Synthetic Rubber Co., Ltd.) Jpn 

M ^QT* 0k] 7 0 Pp^^JI? 35 ' 645 I 88 35 ' 645 i ( CL C08L53/02), 16 
Feb 1988, AppL 86/177,601, 30 Jul 1986; 6 pp. The title block 
copolymers, showing low mold shrinkage and useful for shoe soles 
and toys, comprise 10-90% arom. vinyl compds. and >30% block 
^polymers (AB)JC (A = arom. vinyl block; B = conjugated die^e 
block; X = coupling agent residue; n > 5) and form a 25% toluene 
soln. having viscosity 50-1000 cP. Thus, 240 g styrene was polymd. 

T 1 ? ? Presence of 0.95 g BuLi at 70 e under N Tor 60 
3 Q ^^ butadiene was added and polymd. at 70° for 60 min, 0.73 
g lUsbiUJtithU) was added, and the mixt was heated 20 min at 70° 
to give a block copolymer having viscosity 420 cP and 6 branches /moL 
lhe copo ymer gave injection moldings having tensile strength 245 

$^*SFm ^ a=n °'22g. and mold s^kage 

0.1%, vs. 290 680, 0.31^ and 0.7, resp., for a similar copolymer which 
had viscosity 1200 cP and was prepd. with 0.65 g BuLi and 0.50 g I. 
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Water-soluble quaternary polyammonium salts, process for preparing them, and their use. 



M54) 

^IL2l ^ enti °M COnC ! mS , neW water - so,ubIe quaternary polyammonium salts based on unsaturated quaternary 
<=> ™^Z^£tL n J att ? Uiar ' PpWdimethyldiallyl-ammonium chloride) (poly-DMDAAC), comprising 10 to 100 ?eS by 
we.ght of highly branched polymer w,th a molecular weight > 1 00.000. with 97.0 to 99.9% monomer and 0 1 to 3 0% mole % erf 
SroworS^^ ^ 'j n ? ar P°^-DMDAAC. These po.yammonium salts are high^ncheo an have^a ve£ 

^J^^l^^. P !^^L & ! e ^ iB tot us ? advantageously, individually or in combination Jh other 



water-soluble anionic and/or neutral polyelectrolytes as aids for separation processes 
wastewater treatment and for production of conductive layers. 



such as flocculating agents in 
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The polyammonium salts according to the invention are prepared by copolymerizing unsaturated 
quaternary ammonium satts with crosslinking comonomers, the crosslinking comonomer or a mixture of 
crosslinking comonomers being added during the progress of the homopolymerization or 
copolymerization of the unsaturated quaternary ammonium salt after conversions of 25 to 90%, in 
proportions of 0.1 to 3.0 mole-%, based on the unsaturated quaternary ammonium salt. 
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Water-soluble quaternary polyammonium salts, process for preparing them, and their use 

eithe?alon e e oMn ^" c . e . ms t . new .^ernary polyammonium salts which can be used advantageously 

^"^^^^r p ^ on oi conductive ,ay - such as a c — 

pyrroVd S inium Wn ^omoomdT'^n ^T™* P 0 '^™ 0 ™" 1 $a,tS hav, ' n9 the structure of ,inear P**™™ 
ZlkSMamm^^lJ^ ^ ? repared by radica| - initiated solution polymerization of 

inftiator sterns. Examples of such processes are 

nra J^!! 0l) T eTiZaXi0 "l u ith cross,inkin 9 comonomers are done to get particular product properties or to 

s P a«s7nd P °a h d0ne ^ ^ miXtUr6S ° f «8KES£ 
im j25 nr trf » t • comonomer, such as a dicarboxylic acid diallyl ester (DD-A 127 729, 128 189 

l¥i!%h * ¥a T Q h y drocnlorid e or tetraallylammonium chloride (FR-B 1 494 438 US Patent 

P^!2tioT^^J m ^ ini l MOr ; 3nd "n al. She known vanSions of the 

nnEtrJ ^ ? ♦ ° • d,al| y |ammoniu m salts alone or with any comonomers, though, the products are 
po ymers containing a not-insignificant proportion of short-chain products. The relative SscosL n 

S£SLY " a H meaSUre ° f m ° ,eCU,ar Weight and ' thus ' of * e chai " length. rLnhe SJn 
SS? X!?n n P U C *! a " 9 P0lymeric ^ decreases with increasing conversion 

short-chain products are produced increasingly with increasing conversion That s Son fa a 

tSS^^^^S^^ r er - S r ,e P*«^ salts » ^ JartLuttpUon 
S5£^ COmP ° nentS ° f miXtUr6S 0f P 0, ^ er w «h 

sp r =f ~ 

MorJa°n Va^Y^ known e.g., from US Patent 3,544,318, or from J.E. 

iviorgan, m.a. YorKe, J.E. Boothe, Ions in Polymers," Advances in Chemistry Series 187 d 240 fnr 

ssnz^&r^r^ wei9hK from 

crossiinKing comonomers, but the proportion of crosslinking comonomers is low so that the dearee of 

ne^ss^oclLMf ^'^^Ur^s^ proportions of short^in^e^ mXuleJ 
necessarily occur. It is mentioned, to be sure, in DD-A 127 729. 128 189 and 128 247 that up to 5 mole- 

l^^Sni^ t ^T 3 ^ of dimethyldiallylammonium ffiSffi^ 
aicarooxyiic acid dially esters, for example. This high proportion is not usable, though because the 
comonomers are only very slightly water-soluble and therefore do not react completely 

obta n«d^°T a S ' rterat ? r f ! hat " the P ro P ortion of crosslinking comonomer is too high, the polymer 

complete^ crosslinked (gelled), and thus is insoluble and unsuitable Kny 

SK^/S^KE^"' S f '/o inS,anCe ' B - Vo,,mert ' Grundriss der makromolekularen Chemie 
Sl„ mi2 Macromolecular Chemistry], Springer-Verlag. Berlin, 1962, p. 196. It is generally the case that 
when rn.xt.ures of a monomer and 0.1% by weight of a crosslinking polymer are polymerized the poller 
.nrt.ally completely soluble, transforms to a state of limited swellabffy (HoubeS^ 

voZTZ°T\l™^ Chemi f try] - f Edition ' Geor *~ vJS?aSS5??8e? 

fDMDAACi with thp LLC ? Polymerization of mixtures of dimethyldiallylammonium chloride 
Lcninh^ ' t crosslinking comonomer methyitriallylammonium chloride (MTAAC) in water 

i ^ S h?^ P H° dUCed e , V6n With ° nly °-° 35 mole - % MTAAC " Somew ^ hUeTpropirtions 'oi 
MTAAC can be used in copolymerization with DMDAAC to produce soluble polymers onlv if the 

the? TZt " e su , bstantia "y ™* ^pensive procedure of inverse 
From the Irterature on studies of applications, it can be found that the limit for forminq completely soluble 
polymers must be set at 0.5 mole-% MTAAC (J.E. Morgan, M.A. Yorke. J.E. BooThe 3 Pollers " 

ZtS^SfT"' f e "V 87 ' P - 240) - But even these P 01 ^^ contai " a high propoln^h^ 
chain products. Formation of insoluble crosslinked polymers is a critical problem ^p^oducton 

cTve 9 ^ Th t P0tential f ° r ^^IslZtSZ 

conversion increases. At the same time, polymers which contain only a small proportion of gel are less 
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suitable for many applications, and cause problems in applications technology. If one wishes to produce a 
soluble branched polymer by polymerization in the relatively simple and cost-effective process of solution 
polymerization, one is forced to work with minimal concentrations of crosslinking comonomer. 

In the known processes for copolymerizing quaternary diallylammonium salts with crosslinking 
comonomer to form soluble polymers, the comonomer used is mixed with the monomer at the beginning 
of the polymerization (DD-A 127 729, 128 189, 128 247, US Patent 3,544,318, J.E. Morgan, M.A. Yorke, 
J.E. Boothe, "Ions in Polymers," Advances in Chemistry, Series 187, p. 240). The higher the proportion of 
crosslinking comonomer in relation to the monomer, the higher the proportion of insoluble crosslinked 
polymer that is formed. Therefore a polymerization process to produce soluble polymers is forced to work 
with very low proportions of crosslinking comonomers. That does indeed give polymers with increased 
molecular weight, but there is only limited ability to adjust the degree of branching. It is generally too low, 
and the proportion of short-chain polymers is too high. Furthermore, the industrial safety of the 
polymerization process is not adequately assured. 

It is the objective of the invention to present an industrially safe and economically favorable process 
for producing and using water-soluble quaternary polyammonium salts using unsaturated quaternary 
ammonium salts and especially DMDAAC as the monomer, consisting of highly branched high-molecular- 
weight polymers with a low proportion of short-chain products, mixed, if desired, with linear 
polyammonium salts based on the same or a different unsaturated quaternary ammonium salt, in which 
the formation of gel components or complete gelling is avoided under all circumstances. 

The objective has been attained according to the claim. 

The water-soluble quaternary polyammonium salts according to the invention are polymers based on 
unsaturated quaternary ammonium salts, and, in particular, on dimethyldiallylammonium chloride 
(DMDAAC) and a crosslinking comonomer. They can be obtained by a radical-initiated polymerization of 
the unsaturated quaternary ammonium slats with the crosslinking comonomer, in which the crosslinking 
comonomer or a mixture of crosslinking comonomers is added during the progress of the 
homopolymerization or copolymerization of the unsaturated quaternary ammonium salt, after conversions 
of 25 to 90%, in proportions of 0.1 to 3.0 mole-%, based on the unsaturated quaternary ammonium salt. 

The polyammonium salts according to the invention are preferably characterized in that they 
comprise 

A) 10 to 100% by weight of a highly branched polymer having a molecular weight > 100,000 with 97.0 to 
99.9 mole-% monomer units derived from unsaturated quaternary ammonium salt and correspondingly 
0.1 to 3.0 mole-% comonomer units of one or more crosslinking comonomers, in which the total 
proportions of the monomer units of unsaturated quaternary ammonium salt and comonomer units total 
100 mole-%, 

and 

B) 0 to 90% by weight of linear homopolymer of the unsaturated quaternary ammonium salt, in which the 
branching density of the highly branched polyammonium salts A) is 1 to 25 branch points per 100 
monomer units of the quaternary ammonium salt, and the proportion of molecules with [r\] is from < 0.6 to 
5% by weight. 

The process according to the invention for producing the water-soluble polyammonium salts defined 
above is based on its general concept of the radical-initiated polymerization of an unsaturated quaternary 
ammonium salt and especially of DMDAAC with one or more crosslinking comonomers, and is 
characterized by the fact that the crosslinking comonomer or a mixture of crosslinking comonomers is 
added to the polymerization system during the progress of the homopolymerization or copolymerization of 
the unsaturated quaternary ammonium salt after conversions of 25 to 90%, in proportions of 0.1 to 3.0 
mole-%. 

According to one preferred embodiment, the polymerization is carried out in aqueous solution 
containing 30 to 70% by weight of monomer and at temperatures of 18 to 65 °C using a suitable initiator, 
an initiator system, or suitable initiator combinations. 

Dimethyldiallylammonium salts, vinylpyridinium salts, quaternary esters and quaternary amides of 
acrylic acid and/or methacrylic acid, and appropriate mixtures of these ammonium salts, are particularly 
suitable as unsaturated quaternary ammonium salts. Dimethyldiallylammonium chloride is preferred as 
the unsaturated quaternary ammonium salt, both for the proportion of highly branched polyammonium 
salts and for the proportion of linear polyammonium salts. 

Because of the smaller proportion of short-chain polymers from the same input of monomer, a higher 
yield of substance usable in the industrial application is attained. 
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Solutions of the comonomer in water or in aqueous monomer solutions are used. With MTAAC as the 
crosslinker, the monomer solutions containing the crosslinker are prepared in a simple process 
corresponding to the known process for semicontinuous DMDAAC synthesis. The polymerization 
temperature is either held constant at 18 to 80 °C, or is gradually raised in this range. To establish a final 
concentration suitable for the application, the reaction mixture can be diluted during or after the 
polymerization. Any desired initiators, initiator systems or initiator combinations which start radical 
polymerization can be used as polymerization initiators. Examples include azo initiators, persulfates, 
peroxides, or redox systems such as persulfates and sulfites or bisulfites. It is preferable to work with an 
initiator system of a water-soluble peroxodisulfate, a pH-regulating substance, and a nitrogen base. The 
polymerization can be carried out under inert gas or in the presence of air oxygen. The final conversion is 
greater than 95%. 

Measurement of the relative solution viscosities showed that when the crosslinking comonomer is 
added according to the invention, increases as the conversion increases. That is, the formation of 
short-chain components is greatly reduced (see Example 7). 

At the same time, the higher proportion of crosslinking comonomer causes a higher degree of 
branching. The process according to the invention has the further advantage that it can be operated by an 
industrially safer process with a higher total proportion of crosslinker without danger of forming gels, so 
that it not only decisively minimizes the proportion of short-chain polymer but also attains higher 
molecular weights > 80,000 with increased degree of branching. 

This total result is surprising, because it is known that more crosslinked insoluble components are 
formed with higher proportions of crosslinking comonomer in relation to the monomer. From that 
knowledge, one would have expected substantial gelling with addition of more crosslinker during the 
polymerization, even though the proportion of monomer has already decreased. 

The quaternary polyammonium salts resulting from the process according to the invention are 
suitable for all applications in which the application properties depend on the branched and higher- 
molecular-weight components of the polymer mixture, because of their low proportion of short-chain 
polymers and their high degree of branching. The same amount of monomer produces a polymer product 
with a higher proportion of higher-molecular-weight water-soluble polyammonium compounds suitable for 
the application. That \s t the yield of active substance is higher. The concept of the invention is not limited 
to copolymerization of quaternary diallylammonium salts with crosslinking comonomer. Highly branched 
water-soluble polymers can also be produced in the same manner by copolymerization of other 
unsaturated quaternary ammonium salts such as vinylpyridinium salts, or quaternary esters, or amides of 
acrylic acid and methacrylic acid with crosslinking comonomer. 

The highly branched polyammonium salts according to the invention are made as aqueous solutions. 
They can be converted into pourable soluble powders in a simple thermal process. 

The invention is explained in the following by means of example embodiments. All the data about the 
amounts of monomeric unsaturated quaternary ammonium salts or DMDAAC are in moIe-%. The relative 
viscosity in solution, ti^, was measured with 1% solutions of the previously isolated polymers in 1 N NaCI 
solution. The polymers were isolated by pouring the polymerized reaction mixture into acetone. The 
polymers precipitated as white solids. If the polymer solutions contained portions of gelled polymer, they 
were removed before polymer isolation. The statement A means the number of branches per 100 
DMDAAC units. The statement B means the proportion, in percent by weight, of polymer with fa] < 0.6. 



Example embodiments 
Example 1 

180 g of a 50% aqueous dimethyldiallylammonium chloride (DMDAAC) solution was mixed with 2 
mole-% ammonium peroxodisulfate and 2 mole-% ammonium carbonate. The mixture was polymerized 
for 10 hours with evenly distributed addition of 1 mole-% triethanolamine without nitrogen flushing or other 
methods to remove oxygen, in a suitable stirring apparatus with moderate stirring. The temperature was 
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held at 18-22 °C for 8 hours and then raised gradually to 60 °C over a period of 4 hours. After a 
polymerization time of 6 hours, 1 mole-% methyltriallylammonium chloride (MTAAC) in 50 g 50% aqueous 
DMDAAC solution was added. After the reaction was complete, the result was a clear polymer solution 
with a final conversion of 97%; r\ n , = 3.47; A = 1 8; B = 3.6. 

For comparison, a polymerization was carried out under the same conditions, but with the same 
amount of crosslinker added at the beginning of polymerization. The result was a completely qelled 
product. 7 w 

Example 2 

A monomer solution was made up according to the procedure of Example 1 after flushing with 
nitrogen for one hour. The final conversion was 97%; n. re i = 3.52; A = 20; B = 3.3. 
The comparison polymerization likewise gave a gelled product. 

Example 3 

A 50% DMDAAC solution was polymerized as in the procedure of Example 1. except that the 
crosslinker, MTAAC, was added after 3 hours polymerization time (corresponding to 25% conversion) 
The result was a clear polymer solution without gel components. The final conversion was 86%; A = 20; 
B = 4.1 . 



Example 4 

A 50% DMDAAC solution was polymerized as in the procedure of Example 1, except that the 
crosslinker, MTAAC, was added after 9 hours polymerization time (corresponding to 75% conversion) 
The result was a clear polymer solution without gel components. The final conversion was 97- A = 5- 
B = 0. 



Example 5 

A 50% DMDAAC solution was polymerized, as in the procedure of Example 1, with 
methyltriallylammonium bromide as the crosslinker. The result was a clear polymer solution without gel 
components. Final conversion 96%; TVei = 3.35. 



Example 6 

A 50% DMDAAC solution was polymerized, as in the procedure of Example 1, with 
methyltriallylammonium sulfate as the crosslinker. The result was a clear polymer solution without gel 
components. Final conversion 97%; ri re , = 3.48. 



Example 7 

A 50% DMDAAC solution was polymerized, as in the procedure of Example 1, with different 
proportions of MTAAC as the crosslinker. The comonomer used was added either at the beginning of the 
polymerization or during the course of the polymerization. All the polymerizations without gelling had final 
conversions greater than 95%. Measurements of iv el were done on the polymers isolated. 
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Table 1 shows the results. The course of r| ret as a function of the conversion was determined for some 
of the polymerizations listed in Table 1. The figure shows the results. is a measure of the cumulative 
molecular weight (determined at a particular conversion). Curve I shows a homopolymerization of 
DMDAAC without crosslinker. The molecular weight decreases steadily. That is, as the conversion 
increases, increasingly shorter chains are formed and the molecular weight distribution becomes broader. 



Table 1: Results of polymerizations from Example 7 



roiymer 
No. 


M i aal addition 
Time 


Proportion 
(mole-%) 


Tlrel 


A 


B 


1 


Beginning 


0.03 


2.30 completely 
soluble 






2 


Beginning 


0.10 


2.50 Contains 
some gel 






3 


Beginning 


0.25 


2.65 Contains 
some gel 






4 


Beginning 


0.50 


Gelling 






5 


After 6 hours 


0.10 


2.70 completely 
soluble 


1 


5 


6 


After 6 hours 


0.50 


3 17 comnlefelv 

soluble 






7 


After 6 hours 


0.70 


3.40 completely 

MJ1UU1C 


15 


4.0 


8 


After 6 hours 


1.00 


3.47 completely 
soluble 


18 


3.6 


9 


After 6 hours 


1.50 


3.52 completely 
soluble 


20 


3.0 


10 


After 6 hours 


2.00 


Gelling 






11 


After 6 hours and after 10 hours each 


0.75 
1.5 


3.82 completely 
soluble 


21 


2.0 


12 


Continuous addition 
from 6 to 1 1 hours 


2.00 


4.25 completely 
soluble 


22 


1.0 


13 


Continuous addition 
from 6 to 1 1 hours 


3.00 


4.50 completely 
soluble 


25 


0 



Curve II describes a polymerization of DMDAAC with 0.03 mole-% MTAAC as the crosslinking 
comonomer, added at the beginning of polymerization. Here, again, one can see that rirei decreases with 
increasing conversion and formation of short-chain components with greater broadening of the molecular 
weight distribution. For Curve III, 0.25 mole-% MTAAC was added after a reaction time of 6 hours. Hrei 
hardly decreases, and production of short-chained polymers is largely suppressed. For Curve IV, 
1 .5 mole-% MTAAC was added after 6 hours reaction time. For Curve V, 2 mole-% MTAAC was added 
continuously from 6 to 1 1 hours of reaction time. In this case, rj re , increases. That indicates not only 
avoidance of formation of short-chain amines, but also further increase of the average molecular weight. 
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Example 8 

A 50% DMDAAC solution was polymerized as in the procedure of Example 1 with different 
crosslinking comonomers. The crosslinking comonomers were added either at the beginning of 
polymerization or after a polymerization duration of 6 hours. The maximum proportion of comonomer 
which could be added without complete gelling was determined. Table 2 presents the results. 



Table 2: Maximum proportions of crosslinking comonomer which can be added without gelling. 

Addition at beginning Addition after 6 hours 
of polymerization of polymerization 

Polymer Maximum Maximum 



number 


Comonomer 


(1 moIe-%) 




(1 mole-%) 




1 


Tetraallylammonium bromide 


0.10 


2.35 


1.4 


3.30 


2 


Propyltriallylammonium chloride 


0.20 


2.40 


1.7 


3.35 . 


3 


N,N,N',N'-tetraallylethylenediamine 
hydrochloride 


0.35 


2.05 


2.2 


2.85 


4 


Triallylamine hydrochloride 


0.40 


2.20 


2.5 


3.25 


5 


' Methylene-bis(acrylamide) 


0.60 


2.10 


3.0 


3.20 


6 


i MTAAC + Tetraallylammonium bromide in 
.1:1 molar ratio 


0.10 


2.38 


1.6 


3.35 



Example 9 

A 30% DMDAAC solution was polymerized as in the procedure of Example 1. The product was a 
clear polymer solution without gel components. The final conversion was 95%. 



Example 10 

A 70% DMDAAC solution was polymerized as in the procedure of Example 1. The product was a 
clear polymer solution without gel components. The final conversion was 98%. 



Example 1 1 

180 g of a 50% aqueous DMDAAC solution was mixed with 2 mole-% ammonium peroxidisulfate. It 
was held, without nitrogen flushing, in a suitable stirring apparatus with moderate stirring for 10 hours at 
50 °C. After a polymerization time of 4 hours, 1 mole-% MTAAC was added as a 5% aqueous solution. 
The result was a clear polymer solution without gel components. 
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Example 12 

2000 moles of a 52.3% aqueous DMDAAC solution were heated to 40 °C in an open stirring machine. 
Then 2 mole-% ammonium persulfate and 2 mole-% ammonium carbonate were added with stirring and 
strong cooling. After a total of 1 hour, 1 mole-% triethanolamine was added continuously over a period of 
10 hours, with the temperature maintained between 18 and 25 °C. After a reaction time of 8 hours, 
0.5 mole-% MTAAC was added at once as a 10 mole-% solution of MTAAC in approximately 50% 
DMDAAC. As the reaction progressed, the temperature rose to 35 °C with the cooling remaining the 
same. No further temperature rise was found after 1 1 hours. Then the solution was heated to 60 °C, with 
addition of water to dilute it to a final concentration of 20%. It was stirred at this temperature until the 
reaction was neutral. The result was a highly viscous polymer solution without gel components, at a 
conversion of 97%; ri r ei = 3.0. 



Example 13 

A 52.3% aqueous DMDAAC solution was polymerized as in the procedure of Example 12, but with 
the difference that 1.25 mole-% MTAAC was added as the crosslinking comonomer in two proportions: 
0.75 mole-% after 6 hours of polymerization and 0.5 mole-% after 10 hours of polymerization. The result 
was a polymer solution without gel components. The final conversion was 98%; ru, = 3.60. 



Example 14 

A 52.3% aqueous DMDAAC solution was polymerized as in the procedure of Example 12, but with 
the difference that 2.0 mole-% MTAAC was added continuously over a period of 5 hours as the 
crosslinking comonomer, beginning after polymerization for 5 hours (corresponding to a conversion of 
40%). The reaction temperature was maintained in the range of 18 to 25 °C for 8 hours. Then the mixture 
was continuously diluted at 10 °C/hour and stirred at 65 °C until the reaction was neutral [sic]. The result 
was a polymer solution without gel components. The final conversion was greater than 99%; r\re* = 4.15. 



Example 15 

Polymers Number 1 and 7 in Table 1 were compared with respect to their flocculating action. That was 
done by adding 1 mg of Polymer 1 or 7 to a suspension of 2 g kaolin in 1 liter of water and stirring for 4 
minutes at 200 rpm, after which the sedimentation rate of the solids was measured. With Polymer No. 1 , 
v = 5.7 m/hr; and with Polymer No. 7, by comparison, v = 1 2.1 m/hr. 



Example 16 

An aqueous DMDAAC solution which already contained 0.03 mole-% MTAACA at the beginning, was 
polymerized like the procedure of Example 1. The result was a gel-free polymer solution. The final 
conversion was 97%; Ti reI = 3.62. 



Example 17 

An aqueous DMDAAC solution which already contained 0.025 mole-% MTAACA at the beginning, 
was polymerized -as in the procedure of Example 13. The result was a gel-free polymer solution. Final 
conversion 98%; Ti rel = 3.65. 
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Example 18 

1 mole of DMDAAC, as a 50% aqueous solution, was brought to 80 °C in a stirring apparatus. Then a 
total of 10" mole/liter azo-bis-isobutyronitrile dissolved in 20 ml methanol was added over 10 hours as the 
initiator. Then the solution was stirred another 90 minutes at 80 °C. After a reaction time of 2 hours, 
0.5 mole-% methyltriallyl-ammonium chloride, dissolved in 25 g of 50% aqueous DMDAAC solution, was 
added over a period of 7.5 hours. The result was a gel-free polymer solution. Final conversion 98%; 
Tirol = 3.10. 



Example 19 

Polymerization was done as in Example 18, at 70 °C, and with the initiator dissolved in 
dimethylacetamide. The result was a gel-free polymer solution. Final conversion 96%; t^, = 3.14. 



Example 20 

As in the procedure of Example 18, polymerization was done at 80 °C with addition of 2 mole-% 
ammonium carbonate. The initiator was 2 mole-% ammonium peroxodisulfate, dissolved in 20 ml water 
Final conversion: 94%; t^, = 3.06. 



Example 21 

1 mole DMDAAC, as a 50% aqueous solution, was placed in a stirring apparatus. It was mixed with 
0.01 mole tartaric acid and 0.02 mole sodium metabisulfite and 10* 4 mole iron ammonium sulfate, and 
brought to 40 °C. Then 0.02 moles of ammonium peroxodisulfate was added continuously as a 1 molar 
aqueous solution over 6.5 hours. After 1 hour of reaction time, 0.5 mole-% methyltriallylammonium 
chloride was added, dissolved in 25 g 50% aqueous DMDAAC solution, over a period of 5 hours. Then 
the mixture was stirred for another hour at 40 °C. The result was a gel-free polymer solution. Final 
conversion 97%; Tj re , = 3.01. Addition of the iron ammonium sulfate can be omitted if the work is done in 
old iron equipment from which traces of iron can go into solution during the polymerization. 



Example 22 

50 g of a 50% aqueous solution of DMDAAC was placed in a stirring apparatus. It was mixed with 
0.80 g ammonium persulfate and 0.30 g lithium bromide, and stirred at room temperature for 24 hours. 
0.5 mole-% methyltriallylammonium chloride dissolved in 5 g 50% aqueous DMDAAC solution was added 
over the period of 6 to 18 hours. The result was a gel-free polymer solution. 



Example 23 

1 mole DMDAAC, as a 50% aqueous solution, was placed in a stirring apparatus and brought to 
50 °C. Then it was mixed with 2 mole-% t-butyl peroxipivalate. After a reaction time of 3 hours, 1 mole-% 
methyltriallylammonium chloride, dissolved in 25 g of 50% aqueous DMDAAC solution, was added over a 
period of 10 hours. The reaction was terminated after a total of 18 hours. The result was a gel-free 
polymer solution. Final conversion 95%; ru = 3.49. 



Example 24 

A used drilling oil emulsion containing 3% oil by volume was mixed intensively for 10 seconds at 
20 °C with the creaming agents shown in Table 3, and then stirred for 45 minutes at about 10 rpm for 
phase separation. Then the light transmission D of the aqueous phase was measured at a layer thickness 
of 1 cm, and the residual oil content, c 0 n, was determined. 
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Table 3; 



ruiymer 
number 


Polymer 

Type 


Amount added 
(mg/L) 


D 

(%) 


Coil 

(mg/L) 


1 


Copolymer of 83% acrylamide and 
17% MTMHS according to 
US Patent 3,691,086 


400 


72 


105 


2 


Copolymer of 75% acrylamide and 
25% dimethyldiallylammonium chloride 
according to US Patent 3,585,148 


400 


69 


105 


3 


Cationic polyvinyl alcohol 
according to US Patent 3,830,735 


400 


50 


119 


4 


Poly-DMDAAC according to 
DD-A226481 


400 


81 


83 


5 


Poly-D-v with 05 to 3.0 mole-% 
methyltriallytammonium chloride 


400 


94 


36 



Example 25 

A very stable oil emulsion from metal processing (oil content 3.7% by volume, solids content 6.8 g/L), 
stabilized with nonionic emulsifiers of the fatty alcohol alkylene oxide adduct type and small proportions of 
an anionic emulsifier of the aliphatic carboxyiic acid type was mixed intensively with 200 mg/L of the 
highly branched polyammonium salt according to the invention and 100 mg/L anionic polyacrylamide at 
20 °C. Then the mixture was stirred for 45 minutes at 10 rpm t after which the phases were separated. 
The light transmission, D, of the aqueous phase, at a thickness of 1 cm, was 94%, and the residual oil 
content was 41 mg/L. 



Claims 

1. Water-soluble quaternary polyammonium salt based on unsaturated quaternary ammonium salts 
and crosslinking comonomers, 

obtainable by radical-initiated polymerization of the unsaturated quaternary ammonium salt with the 
crosslinking comonomer, in which the crosslinking comonomer or a mixture of crosslinking comonomers 
is added during the progress of the polymerization or copolymerization of the unsaturated quaternary 
ammonium salt after conversions of 25 to 90% at proportions of 0.1 to 3.0 mole-%, based on the 
unsaturated quaternary ammonium salt. 

2. Polyammonium salts according to Claim 1 , 
characterized in that they comprise 

A) 10 to 100 percent by weight of a highly branched polymer having a molecular weight > 100,000 with 
97.0 to 99.9 mole-% monomer units derived from the unsaturated quaternary ammonium salt and 
correspondingly 0.1 to 3.0 mole-% comonomer units from one or more crosslinking comonomers, in which 
the sum of the proportions of the monomer units from the unsaturated quaternary ammonium salt and the 
comonomer units is 1 00 mole-%, 
and 
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B) 0 to 90% by weight of linear homopolymer of the unsaturated quaternary ammonium salt 

in which the degree of branching of the highly branched polyammonium salt A) is 1 to 25'branch points 

P 6 « . 1 °2 ™ nomer units of tn e quaternary ammonium salt, and the proportion of molecules with ml < 0 6 
is 0 to 5% by weight. 

3. Polyammonium salt according to Claim 1 or 2, characterized in that the unsaturated quaternary 
ammonium salt is a dimethyldiallylammonium salt, a vinylpyridinium salt, a quaternary ester, or a 
quaternary amide of acrylic acid and/or methacrylic acid, or an appropriate mixtures of these ammonium 
salts. 

4. Polyammonium salt according to one of Claims 1 to 3, characterized in that the unsaturated 
quaternary ammonium salt is dimethyldiaBylammonium chloride (DMDAAC) or is derived from 
corresponding monomer units of DMDAAC. 

5. Polyammonium salt according to one of Claims 1 to 4, characterized in 'that the crosslinkinq 
comonomer is an alkyltriallylamrnonium salt with C,. 3 alkyl groups. 

6. Polyammonium salt according to one of Claims 1 to 5, characterized in that the crosslinking 
comonomer is a tetraallylammonium salt, a tetraallylalkylenediamine salt, a triallylamine salt and/or 
methylene-bis-acrylamide. 

♦ c \i Process f °r preparing water-soluble quaternary polyammonium salts according to one of Claims 1 
to 6 through radically initiated polymerization wrth one or more crosslinking comonomers, characterized in 
^f wie crosslinking comonomer or a mixture of crosslinking comonomers is added in proportions of 
0.1 to 3.0 mole-% during the progress of the homopolymerization or copolymerization of the unsaturated 
quaternary ammonium salt after conversions of 25 to 90%. 

8. Process according to Claim 7, characterized in that the polymerization is carried out in aqueous 
solution wrth a monomer content of 30 to 70% by weight and at temperatures of 18 to 65 °C usinq a 
suitable initiator, initiator system, or suitable initiator combination. 

9. Process according to Claim 7 or 8, characterized in that the crosslinking comonomer or mixture of 
crosslinking comonomers is added to the DMDAAC as an aqueous solution or mixed with aqueous 
solutions of DMDAAC. M 

10. Process according to one of Claims 5 to 7. characterized in that the crosslinking comonomer or 
the mixture of crosslinking comonomers is added once, in portions, or continuously within the conversion 
range of 25 to 90%. 

11. Process according to one of Claims 7 to 1 0. characterized in that dimethyldiallylammonium salts, 
vinylpyndinium salts, quaternary esters and/or quaternary amides of acrylic acid and/or methacrylic acid 
or appropnate mixtures of these quaternary ammonium salts, are used as the unsaturated quaternary 
ammonium salt. 1 

12. Use of the water-soluble quaternary polyammonium salts according to one of Claims 1 to 6 as an 
aid for separating processes and in particular as flocculating agents and as demulsifiers for breaking 
oilAvater emulsions. " 

13. Use of the water-soluble quaternary polyammonium salts according to one of Claims 1 to 6 to 
prepare electrically conducting layers. 

14. Use according to Claim 12 or 13, characterized in that the water-soluble quaternary 
polyammonium salts are used in combination with polyelectrolytes which are themselves known. 

15. Use according to Claim 14, characterized in that anionic and/or neutral polymers are used as the 
polyelectrolytes. 
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